Synthesis of 1,4-[C 6 H 4 {PPh 2 (AuCl)} 2 ] (1)
All commercially available reagents were used as received without further purification and [1,4-C 6 H 4 {PPh 2 (AuCl)} 2 ] (1) was synthesised according to a literature procedure. 1 The resulting white solid was recrystallized by vapour diffusion of pentanes into a solution of the complex in dichloromethane to yield colourless, block-shaped crystals.
High pressure crystallographic studies
High pressure experiments were carried out using a Merrill-Basset diamond anvil cell (DAC) [opening angle 37° (2θ), culet faces 600 µm, WC backing plates and 100 × 100 × 0.02 mm tungsten gaskets, gasket hole diameter of 200 µm]. A colourless crystal of 1 (0.075 × 0.05 × 0.01 mm) was loaded into the DAC, along with a ruby sphere as the pressure calibrant and 4:1 methanol/ethanol as the pressure-transmitting medium (PTM). Diffraction data were collected using Mo-K α radiation (λ = 0.71073 Å, microfocus source, focussing mirrors) on an in-house Agilent SuperMova diffractometer equipped with an Eos CCD detector. Diffraction data were processed using the program CrysAlisPRO 2 and absorption corrections were applied using SADABS. [3] Diffraction data were collected at ambient pressure and at 5.3, 10.2, 30.2, 39.1, 51.8, 69.5, 74.2, 93.9, 97.9, 102.2 and 106.2 kbar. Pressure measurements were carried out using the ruby fluorescence method. 4 Prior to the loading of the PTM, framesets were collected on a crystal inside the DAC at ambient pressure and temperature to provide a good starting model for structure refinement. Lattice parameters for 1 could be extracted for all pressures studied.
Structures were solved by transferring the fractional coordinates of the atoms as determined at an adjacent pressure and refined using SHELXL, 5 satisfactory structural refinements were obtained from all datasets, including anisotropic treatment of all non-hydrogen atoms. Due to the inherent low completeness of the diffraction data caused by the presence of the diamond anvil cell, restraints were required. The following restraints were employed for all structures: similarity restraints (0.02 Å) were applied to the C-C bonds of the phenyl rings. As is normal in high pressure experiments, the data quality does deteriorate at higher pressures, so some additional restraints had to be applied to these structures in the form of explicit distance restraints [1.39 (2) Å] to the C-C bonds of the phenyl rings. Where necessary, rigid-body restraints [0.004 Å 2 ] were applied to the whole structure.
Upon further analysis of the data, it was clear that there was a lack of data points in the range 10-30 kbar, so a second crystal of 1 (0.045 × 0.027 × 0.018 mm) was loaded into a DAC and diffraction data were collected at 19.6 kbar. Data processing and structural refinement was carried out as described above. Figure S1 . Variation in the relative unit cell parameters and volume with increasing pressure: a/a 0 -blue squares, b/b 0 -red squares, c/c 0 -green squares, V/V 0 -purple squares. The horizontal error bars relate to the range in pressure over the data collection; the pressure is recorded before and after the data collection and an average value is calculated. Where not visible, the error bars are smaller than the symbols. Mo K radiation (λ = 0.71073 Å) using an Agilent SuperNova diffractometer with a single microfocus source at offset and an Eos CCD detector.
H-atom parameters were constrained to ride on their parent atoms. P1-C13 1.819 (7) 1.810 (8) 1.810 (7) 1.806(19) 1.790 (7) 1.776 (9) 1.773 (7) 1.778 (8) 1.764 (7) 1.753 (7) 1.738 (7) 1.757 (7) 1.757 (10) Au1-Au1 3.6686 (5) 3.6306 (8) 3.5905 (8) 3.512(19) 3.4385 (8) 3.3870 (9) 3.3067 (7) 3.2181 (9) 3.1857 (7) 3.1042 (7) 3.0920 (8) 
Equation of state calculations
Equation of state calculations were carried out using EOSFit7c 6 whereby the application of different orders of the Birch-Munaghan equation of state revealed that the third-order plot exhibited the best fit to the data and predicted a unit cell volume that was in good agreement with the experimental value (Table S3 ). It also gave a bulk modulus value which is in good agreement with other Au(I) complexes that have been studied at elevated pressures. (10) 13 (10) 2 (8) 1 (1) a At ambient pressure the experimental value for the unit cell volume is 2769.37(8) Å 3 . Figure S4 . Variation of the Au Au and centroid-centroid distance in 1 with increasing ⋯ pressure. Where they are not visible, error bars are smaller than the corresponding symbols. 
Analysis of intermolecular interactions

Analysis of Au Au interactions
Analysis of other intermolecular interactions
Whilst the Au Au and π π interactions in 1 are the most obvious intermolecular ⋯ ⋯ interactions which change as a function of pressure, several other intermolecular interactions, including of the types C−H π, π C−H and H H, are also noteworthy. The different ⋯ ⋯ ⋯ contacts within the van der Waals limit increase in number from three at ambient pressure to 108 at 106.2 kbar (Table S5 ). These interactions comprise only C−H π and π π interactions ⋯ ⋯ at ambient pressure, but at 106.2 kbar the following interactions are present: C−H π, π π, ⋯ ⋯ H H, C−H Cl, Au Cl, Au π, Au H−C, Cl π, Au Au, Au Cl, P π and P H−C. 
Hirshfeld surface analysis
Hirshfeld surface analysis is a proven and effective tool for visualizing and mapping intermolecular contacts and has allowed us to deepen our understanding of the behaviour of these intermolecular interactions 1 under pressure. The surfaces are generated by partitioning the space in the crystal into regions where the electron distribution of a sum of spherical atoms for the molecule (the pro-molecule) dominates the corresponding sum over the crystal (the pro-crystal). Analysis of the surfaces and contacts for 1 reveals the presence of several types of intermolecular interaction; the number of different contacts increases with pressure (Table S5) .
At ambient pressure and 106.2 kbar, specific fingerprint plots were calculated for 1 corresponding to different intermolecular interactions ( Figures S8-S12) . In all cases, the fingerprint plots show that all of the different types of interactions present become shorter as a function of pressure. The percentage contribution for each type of interaction increases from ambient pressure to 106.2 kbar, except for the contribution for the H H interactions ⋯ which decreases (Table S6) The repulsion energies between two molecules of 1 in geometries defined by the X-ray crystal structures at each pressure were calculated using the ADF2014 suite in the gas phase. 8 Single point energy calculations employed Slater type orbital (STO) triple-ζ-plus polarisation all-electron basis sets (from the ZORA/TZP database of the ADF suite) and used the PerdewBurke-Ernzerhof (PBE) exchange correlation functional. 9 Scalar relativistic approaches were used within the ZORA Hamiltonian for the inclusion of relativistic effects.
The interactions between two molecules of 1 were examined using an energy decomposition analysis (EDA) that is incorporated into the ADF2014 code. In using this approach, the bonding energy ΔE bond between two molecular fragments is separated into ΔE steric and ΔE oi ,
where ΔE steric is the steric interaction energy between the two molecular fragments in geometries that are identical to those in the parent molecular grouping and ΔE oi is the orbital contribution to the bonding energy. ΔE steric comprises the destabilising repulsive interactions between occupied molecular orbitals (ΔE Pauli ) and the classical electrostatic interaction (ΔE elstat ) between the fragments, while ΔE oi accounts for electron pair bonding, charge transfer, and orbital polarisation. The EDA results obtained are listed in Table S7 and shown graphically in Figure S14 . At ambient pressure ΔE bond = −22.91 kJ mol -1 , indicative of an attractive interaction. Beyond 19.6 kbar, ΔE bond becomes positive and increases to 86.0 kJ mol -1 at 106.2 kbar (Table S7 ), confirming that repulsive energies contribute more to ΔE bond :
this result is consistent with the increasing difficulty of compressing the van der Waals space at higher pressures. While ΔE oi becomes more negative, suggesting that orbital overlap becomes more efficient at higher pressure, and the attractive ΔE elstat contributions to ΔE steric energy also become more negative with increasing pressure, it appears these interactions are outweighed by an overall positive ΔE Pauli . Thus, there does not appear to be an overall bonding interaction that drives a compression in bond lengths. Figure S14 . Energy decomposition analysis results for 1 as a function of pressure.
Raman spectroscopy
Attempts were made to conduct luminescence experiments on 1 in-situ at high pressure but this was not possible due to the presence of the diamond anvil cell and an inability to focus the crystal, so Raman experiments were carried out. Raman experiments were carried out on Pressure measurements were recorded using Kawamura's method 10 whereby irradiation of diamond anvils produces a peak in the Raman spectrum at approximately 1330 cm -1 due to a C-C stretching mode; the frequency edge of this peak is pressure-dependent and shifts to a higher wavenumber with increasing pressure. The maximum of the diamond peak gives the Raman frequency shift which is used in the pressure calculations ( Figure S6 and S7). Raman spectra of 1 were recorded at ambient pressure and at 28.5, 34.3, 58.9 and 81.2 kbar using a 785 nm laser as an excitation source ( Figure S8 ). 
Conclusions
We have shown that high pressure crystallography offers a means to manipulate and modify formation of Au-Au bonds that can be characterised both structurally and spectroscopically.
